In this paper we present a theoretical model of excitation and emission of molecular hydrogen in the Jovian upper atmosphere due to absorption of solar radiation.
We employ a reliable solar EUV spectrum based on recent measurements and models. We calculate the rates of population of the rovibrational levels of various excited electronic states of molecular hydrogen by solar fluorescence and photoelectron excitation. We take into account effects of the secondary electrons produced as the photoelectrons slow down. We construct synthetic ultraviolet spectra of H: and HD and compare them with the Jovian equatorial dayglow spectrum. We determine the atmospheric temperature and the Hz column density at the peak of the dayglow emission. We discuss the possible detection of HD on Jupiter. We conclude that the Jovian dayglow emission is accounted for by a combination of solar fluorescence and photoelectron excitation, and we ruJe out the hypothesis of the dynamo acceleration and energetic electron excitation as an excitation mechanism for the Jovian dayglow emission. Thus we may have put an end to the decade-long contzoversy on the excitation mechanism for Jovian dayglow emission. (Tobiska 1991 (Tobiska , 1993 ). The There is a factor of 1.9 variation for the solar Lyman-fl flux during solar cycle 22, essentially the same as the factor of 2 for solar cycle 21 (Lean 1987 
Absorption of Solar Radiation
We consider absorption of the solax EUV flux in the Jovian upper atmosphere by a mixed gas of H, H2, and with column de.ties of and N(HD) respectively. The solar spectrum was divided into bins with size of 10 -3 A and absorption of the solar radiation by overlapping lines of H, H2, and HD was taken into account.
The absorbed photon flux at wavelength A is given by
where l_ is the solar maximum flux at 5.27 AU at wavelength A, and 1-is the total optical depth r=Er_+EEri(S), S=H, H2, HD. 
where E_y is the energy of the level v3, T is the temper-at_e, and 9, is the nucleax spin statistical weight of H2 or HD which is 3 for odd rotational quantum numbers of H2 and 1 otherwise. The line absorption cross section is given by
where A is the transition probability and g is the sta- 
2.3.
Photoelectron Impact Excitation
The photoelectrons lose their energy in the Jovian up- For an average photoelectron energy of 33 eV, the mean energy per electronic excitation is about 61 eV.
Given the total photoelectron energy input in Jupiter of 6.3 × 10 x°eV cm-2s -1, the total brightness of H2 due to the photoelectron excitation is about 1 kR.
Ultraviolet Spectra
The rate of emission from a particular upper rotational Dabrowski & Herzberg (1975) _ and Dabrowski (1984) , and calculated by Abgrall et al. (1993a,b) .
The emission lines of H2 and tID terminating at the ground vibrational level of the ground electronic state are optically thick.
The photons are reabsorbed and con- We have calculated the ultraviolet spectra of H2 sad HD for the H, H2, sad tID column densities of 3 x 10 l_, 10 _°, and 10 TM cm -= respectively, and for the temperature of In Figure 3 we present the solar fluorescence spectra Table 1 together with the absorbed fluxes at 530 K, and the resalting strong fluorescence lines of H2 are Listed in Table 2 and indicated in Figure 3 .
The closest coincidence occurs between the solar Lyman- between the low and high temperature spectra as the result of the large spacings between the rotational energy levels of H2. The strong cascade features originate mostly from excitation of low rotational levels, particularly the level Y = 1, so that they are the most significant at low temperatures. As the temperature increases, they become weaker and those of higher Y lines become stronger, leading to a smoother spectrum. As illustrated in Figure 5 , the cascade spectrum contains the sharpest intensity distribution at 200 K, but the spectral peaks become less significant and the cascade spectra at 530 K and 1000 K become smoother.
These cascade features in the dayglow spectrum provide a sensitive indicator of the atmospheric temperature.
Synthetic Spectra
In Figure 6 we present synthetic spectra containing contributions from the solar fluorescence of H2 and HD and from the photoelectron excitation of H2. The synthetic spectra contain a series of bright emission features originating from the solar fluorescence of H2 superimposed on the relatively smooth spectra due to the photoelectron excitation of H2. 
Jovian Dayglow

Spectrum
In Figure 7 , the synthetic spectrum is compared with the Jovian equatorial dayglow spectrum presented from 6, 1), (6, 3) , (6, 5), (6, 7) , and (6, 9) Lyman bands respectively. In addition, a large part of the 1119 ,/k feature is due to the (6, 2)P(1) line fluorescence.
The very good agreement
between the synthetic spectrum and the dayglow spectrum allows a reliable determination of the solar Lyman-/3 fluorescence brightness. It is 173 R which is 73%higher than the estimate of Feldman et al. (1993) . (1, 3) and (1, 4) and to the (1, 3) and ( 
H2 Abundance and Temperature
The H_ column density and the atmospheric temperature at the peak of the dayglow emission can be determined by minimizing the chi-squaxe function defined as wheren is the number of spectral data points which is 1106, and F_' and F_ denote the fluxes of the synthetic and dayglow spectra respectively. The spectral regions where the strong and broad atomic hydrogen Lyman-cx, -fl and -'_ are present were excluded in calculating X2.
The X 2 depends on the H2 column density N and the temperature T. The X 2 curves are shown as a function of N for T --530 K in Figure 8a and as a function of T for N : 1020 cm -2 in Figure 8b . The X 2 is sensitive to the H2 column density and has a well determined minimum at 1020 cm -2. The minimum depends on the The _2 is less sensitive to the temperature especially in the neighborhood of the minimum at 530 K, and the atmo- 
Stellar occultation measurements
indicate a much lower mean atmospheric temperature of 176 ± 12 K at a higher pressure level below the homopause (Hubbard et al. 1995) . This low temperature is likely the result of efficient cooling by the CH4 on Jupiter.
Our resuits imply that there is a large temperature gradient just above the CH4 layer. As the CH4 abundance decreases above the homopause, the temperature increases drastically from roughly 200 K to 500 -600 K. (Feldman et al. 1993 ).
Discussion
Contribution of Solar Fluorescence
The overall similarity more likely occurs because energetic electrons produce slower secondary electrons and they are the dominant source of excitation. We note that there do occur significant differences between the dayglow and auroral spectra in the relative strengths of the H2 rotational lines. ,,,, k.,,,,. ;.,,,,. k,..,,, 5,..,,, Ira..,. I.,,,,,' ,.,,... I.,.,, _.,,,,, I.,,,,, I. .,,,, I.,..,, I.,,,,, .,..,, I..,,,, I_.,,,, I.,,,,,, I..,.,, ;.,,.., 5.,,,, I'-,. 
